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Introduction

AThe semiconductor industry is moving from
2D planar devicas 3D finshaped field
effecttransistors FINFET)s

AYSSL) a22NBQa ft+g |
nodes and below

A Increase performance and reduce power
consumption

AManychallenges in the fabrication EMFETSS%"‘&

A Multiple patterning lithography, new and complex
materials, processes and integration schemes

A Serious challengder established characterization
and metrology techniques / toalsedfor R&D and
process control

AWe discusshe analysis o6se MOSFET structures
using higkresolution Xray diffraction (HRXRD)

RSMs with 1D detector
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A Reciprocaspace maps on asymmetric
reflections are used to determine-jrlane
and out of plane lattice parameters from
one measurement

A Composition and relaxation can then
be determined

A Information is also obtained on any lateral A RSMs now collected in the same time as
periodicity,e.g fin structures single Omeg&Theta scans

A Traditionallwery slow so Only used for R&.m Automated ana|ysis of RSMs in now

A Recentadvances mean these can be possible
performed in small areas in minutes

A A linear (1D) detector is used in place
of the point (OD) detector and
analyzer crystal

A Allows simultaneous measurement
over a large range obzangles

A Resolution is limited by the width of the
diffracted Xray beam

Samples

1. Relaxedse

A Relaxedsegrown selectively in
trenches of STI after a Si recess.

A To reduce threading dislocation
density,Gewas overgrown then
made smooth using CMP process

2. StrainedGeon relaxedSiGe
bufferd

A Deposition of strain relaxesiGe
buffer layer Gecontent ~ 70%) into
STI trench after Si recess

A Gedeposited on top 06iGe

A Gelalyer was strained with respect
to relaxedSiGeouffer layer

3. StrainedGeon multiple relaxed
SiGdayers

A Commercially available strain
relaxedSiGebuffer layers used as
template

A StrainedGelayer deposited on
top of SRB

A Blanket wafer only

Strained Ge

/

Relaxed SiGe layers

HRXRD: Fundamentals

AX-rays have similar
wavelengths to the distances ..,
between atoms in solids.

A Scattered Xays are
characteristic of the properties
of materials and structures at
atomic length scales

A X-ray diffraction arises from
constructive scattering from
periodic arrangement of atoms
In single crystal materials

AMeasurement and simulation
of HRXRD spectra is T
straightforward and well
establishef

At does not depend on variable 2 e
material properties (such &s& W >
k optical constants) but on first |
principle theory e
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Equipment: JVX7300LSI

A JvX7300LSmall & Larg&potx-Ray Metrology tool for:

A 10nmnode and below Si R&D and process development

A In-Fah inline production process monitoring of semiconductor
applications:

A SiGellV andGaNon SiFinFERnalysis, defect density,
epilayerthickness, composition and relaxationilanket
andproduct(patterned) wafers

A HighK / metal gate crystallinity / thickness / density

A Advanced 300mm scanning tool for:
HRXRD, XRR, WRD, GKRD, l#Plane XRD

A All tool configuration, alignment and
measurements fully automatic

A JvX7300LSI islmal source system \}

A M channel (<0.2mm beam) or S channel (<50um beam) available

A Use the large beam for HRXRD alignment to Si substrate and th
automatically transfer to small spot source for measurement.
Allows much faster and more precise alignment.

A Can use large beam HRXRD for blanket or large arrays of
structures

A Large spot also used for XRR and XRD as these are generally
blanket applications within R&D, giving much higher throughput

Results: Relaxed Ge
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A Position within OmegaTheta scans show 100% relaxed films

A FWHM of Omega scans indicate quality of layer

A Optimisedayer shows lower FHWM and illustrated by SEM image)(right

A HRXRD can be used to investigate and control layer quality within refaleserstructures

Results: Strained Ge on SiGe
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ASiGepeak is shifted i@, in both cases indicating
relaxation

AGepeak is shifted fror8iGepeak when measuring

across fins but not shifted when measuring along fins

A Uniaxiarelaxation ofGelayer acroséins
ARelaxation across the fins depends on fin Width

Results: Ge on SRB Layers
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A Gethickness fringes present in OmegaA Gepeakposition shows n@), shift
2Theta scan from last buffer layer

A Sets upper limit on dislocation density in A SIGESRB peak positions indicate

Gelayer of ~ 1Bcm?
A Can determine layer thickness from these A Composition of buffer layers
A Alllayers fully relaxed

fringes
A Shiftin Q in each

A ~30nm in this example
A SiGESRB peaks gives composition of
subsequent buffer

SiGébuffer layers

Results: Using 1D detector

(2 o]

H B&g a-
304 = Zons
[Fin Fitch Cal -
3 - 02 Fin Spacing
Mark1 [038706 ¢| |
Mak2 [03a7as  «| |
3.00 s 1 |8
2.98 R |2
2.96
— 294 — uula:i‘
g pacing: 0.0021 e (nm)
£ 292 -
5 90 A Geon SiGeon Si fins
2 88 A 113 RSM collected using 1D detector
A Additional fin information now
2.86 available from theatellites around the
Sipeak
2.84 A Pitch =176nm
589 A Fin information correlates with TEM
(right)
2.80 A Other information still available from
0.96 0.98 1.00 Sing'e map

h [110]

[fiodel | op

yers 2 - Measurement | Asymmetric RSM |

I tS M I - tt -
tions | Analysis | Simulation | Log |

Angle Units: | HKL A
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~ A Create a model with peak bounds
In reciprocal space

\ 4

| Uniaxial (Fins) ﬂ

A Select strain type
A Uniaxiabnd biaxial both supported

A Peak locations and heights are fit in
3D to determine position within
RSM

A Fit positions are used to determine

Strain Type:

Fin Orientation: |[11IZI] Direction EdEfELﬂ

Meas. Direction: | Perpendicular to Fins |
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composition and relaxation of each
peak

A Fit widths give information on
defect density

| Material | x | Relaxation % | Tilt sed) | PwwrAm i) | Powmm g |
2 |ce Jo.0000 22,36 0.00 0.02254 0.01033
1 [Gelx)si(1=x) 0.7625 85.89 0.00 0.01526 0.01320
Sub, |si 0.0000 100.00 0.00 0.00037  0.00533

HRXRD for FINFET processes

Fin Parameter Capability

Pitch Q Position of fundamental grating rods in H-scan

Pitch walking Q Intensity ratio of harmonic grating rods in H-scan

Fin width TBD Intensity modulation of grating rods

Fin sidewall angle Q Splitting of L-scans through high-order grating rods

SiGe fin thickness Q Period of interference fringes in L-scan along O-th order
grating rod (defect free epi)

SiGe fin composition Q Position of peak in L-scan along O-th order grating rod

SiGe fin Position of layer peak envelope in RSMs of symmetric

strain/relaxation Q (vertical component) and asymmetric (horizontal &
vertical components)

SiGe fin defectivity Q Lack on interference effects and layer peak broadening
in RSMs

() AQuantitative () Qualitative @ No capability

Conclusions

A Highresolution XRD delivers valuable information on
nanostructures relevant teinFETevices

A Composition and relaxation of complex structures can be obtained
from single reciprocal space maps collected on asymmetric
reflections

A The latest generation of latfdbtools can yield good quality data
In minutes not several hours

A Including symmetric & asymmetric RSMs using 1D detectors

Aln-line Xray metrology tools, like the JVX7300 series, enable
advance materials and process development and provide novel
solutions for production monitoring
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